to the three major types of well-known chemo-, regioand stereoselectivity inherent to enzymes [8, 9] . Aldolases [10] , amidases [11] , transaminases [12] , oxidases [13, 14] , peroxidases [15] are some enzymes that have been successfully applied to a continuous-flow approach. Additionally, lipase-mediated esterification [16] [17] [18] [19] [20] [21] , interesterification [22, 23] , transesterification [24] [25] [26] and enzymatic kinetic resolution (EKR) of racemic compounds [27] [28] [29] [30] [31] [32] , have demonstrated the potential of combining continuous-flow systems and biocatalysis.
Recently, we described the EKR of cyanohydrins in continuous-flow system [33] and observed a contrasting behaviour between transesterification by acylation and deacylation reactions. While a deacylation employing n-butanol led to cyanohydrin derivatives in high productivity and enantioselectivity, for acylation reaction, in continuous-flow mode, a very low conversion rate was observed, which made this acylation strategy unfeasible. Due to this observation, we asked ourselves if this behaviour was a particular case to cyanohydrins or would other organic compounds be susceptible to the same particular behaviour, according to acylation or deacylation conditions. In this way, secondary alcohols are an appropriate choice, especially due to high numbers of EKR studies involving acylation and deacylation of this class of organic compounds.
In this context, in order to evaluate the differences between transesterification by acylation and deacylation reactions under continuous-flow conditions, a series of well-known Novozym 435® substrates [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] , composed by benzylic and aliphatic alcohols and their respective esters were evaluated both in batch and continuous-flow modes. Finally, a multigram scale reaction was performed to validate our analytical investigation.
Materials and Methods

General Experimental Procedure for Syntheses of Racemic Alcohols 1-6
Corresponding ketone (50 mmol) was solubilized in methanol (50 mL) in an ice bath and NaBH 4 (51 mmol) was added. After gas evolution stopped, the ice bath was removed and the reaction was carried out under magnetic stirring at room temperature. The reaction was monitored by TLC until the consumption of ketone. Then, solvent was removed under reduced pressure (alcohols 1-3) or distilled under atmospheric pressure (alcohols 4-6). Water and aqueous HCl solution (1 mol L -1 ) were added until pH 6. The reaction media was extracted with dichloromethane (3 x 10 mL), dried over anhydrous MgSO 4 , filtered off and dichloromethane was evaporated under reduced pressure (alcohols 1-3) or distilled (alcohols 4-6). All compounds were obtained with high purity and no additional steps of purification were required.
Phenylethan 
General Experimental Procedure for Syntheses of Racemic Esters 1a-6a
To a solution of corresponding alcohol (25 mmol) in dichloromethane (25 mL), acetic anhydride (50 mmol) and DMAP (1 crystal) were added and the reaction was maintained under magnetic stirring at room temperature overnight. Then, the mixture was filtered through silica and the solvent was evaporated under reduced pressure. 
1-Phenylethyl acetate (1a
General Procedure for Enzymatic Kinetic Resolution in Batch Mode via Acylation
To a solution of substrate (0.1 mmol) in n-hexane (2 mL), vinyl acetate (0.4 mmol) and 20 mg of Novozym 435® were added and the reaction was carried out at 50°C with magnetic stirring. The progress of the reaction was monitored by periodic 200 µL aliquots, which were diluted in 300 µL of n-hexane, and accomplished by chiral GC analysis. Details for GC analyses can be found in Supporting Information.
General Procedure for Enzymatic Kinetic Resolution in Batch Mode via Deacylation
To a solution of substrate (0.1 mmol) in n-hexane (2 mL), n-butanol (0.4 mmol) and 20 mg of Novozym 435® were added and the reaction was carried out at 50°C and magnetic stirring. The progress of the reactions was monitored by periodic 200 µL aliquots, which were diluted in 300 µL of n-hexane, and accomplished by chiral GC analysis. Details for GC analyses can be found in Supporting Information.
General Experimental Procedure for Derivatization to Propionates 2b and 4b-6b
Propionic anhydride (5 µL) and DMAP (1 crystal) were added directly to the reaction aliquot and it was maintained under magnetic stirring for 5 min. The aliquot was neutralized with aqueous NaHCO 3 and dried over anhydrous MgSO 4 before analysis. Details for GC analyses can be found in Supporting Information.
Continuous-flow system
The continuous-flow system consisted of a syringe pump connected to the reactor through a Teflon cannula. The reactor itself was an empty HPLC stainless steel column (74.0 x 4.6 mm) that was previously washed to remove the stationary phase. It was then filled with the biocatalyst, the supported lipase Novozym 435® (200 mg or 100 mg, internal volume 0.43 mL and 0.40 mL, respectively), and deactivated glass wool in both ends, in order to prevent enzyme agglomeration on the top of reactor. A homemade heating block (8.5 x 5.0 x 2.0 cm) controlled by a commercial thermostat was used to set the reaction temperatures.
General Procedure for Enzymatic Kinetic Resolution in Continuous-Flow Mode via Acylation
A solution of substrate (0.1 mmol mL -1 ) and vinyl acetate (4 equivalents) in n-hexane (5 mL) was eluted through the column filled with Novozym 435® (200 mg) maintained at 50°C, with a flow rate from 0.1 mL min -1 to 1 mL min -1 . It was collected 0.5 mL of solution in each flow rate to determine the optimal rate for the reactions.
General Procedure for Enzymatic Kinetic Resolution in Continuous-Flow Mode via Deacylation
A solution of substrate (0.1 mmol mL -1 ) and n-butanol (4 equivalents) in n-hexane (5 mL) was eluted through the column filled with Novozym 435® (200 mg) maintained at 50°C, with a flow rate from 0.1 mL min -1 to 1 mL min -1 . It was collected 0.5 mL of solution in each flow rate to determine the optimal rate for the reactions.
Results and Discussion
Selection of Substrates
A series of benzylic and aliphatic alcohols and their respective esters (Figure 1) , was proposed to be evaluated in Novozym 435 ® -mediate EKR reaction. For benzylic alcohols (1-3) and esters (1a-3a) electronic effects of the groups at the para position were investigated and for aliphatic alcohols (4-6) and esters (4a-6a) the influence of the size of groups attached to the chirality center were also explored. 
Chemical Synthesis
Racemic alcohols 1-6 were prepared from the corresponding carbonyl compounds, with yields up to 94%, using conventional reduction with NaBH 4 . Racemic esters 1a-6a were prepared from the corresponding alcohols, with yields up to 86%, using acetic anhydride as acyl donor and 4-(N,N-dimethylamino)pyridine (DMAP) as catalyst (see experimental section and supporting information for details).
Enzymatic Kinetic Resolution (EKR) Reactions
For reactions in continuous-flow mode, the substrate and vinyl acetate, for acylation, or the substrate and n-butanol, for deacylation, were dissolved in n-hexane (final volume of 5.0 mL), and eluted through the column using an appropriate flow rate, controlled by the syringe pump. The column was filled with biocatalyst (100-200 mg -reactor volume of 0.4 and 0.43 mL, respectively) and maintained under constant temperature (50°C; Table 1 and Table 2 ). For comparative purpose, batch reactions were carried out in parallel. Substrate, biocatalyst (20.0 mg), vinyl acetate, for acylation, or n-butanol, for deacylation, and n-hexane were added to a 4 mL sealed vial (final volume of 2 mL) and the reaction medium was maintained under magnetic stirring and at 50°C (Table 1 and Table 2 ).
In continuous-flow mode, enzymatic acylation of all benzylic alcohols reached ideal conversion with high enantioselectivity (Table 1 - entries 1-3) . For alcohol 1, the flow rate of 1 mL min -1 was sufficient to reach ideal conversion (50%) and 99% enantiomeric excess for both (S)-1 and (R)-1a. For EKR of para-substituted alcohols 2 and 3, decrease in flow rates to 0.5 and 0.7 mL min -1 , respectively, was necessary. This modification implied higher residence time of the substrates inside the reactor. Conversion rates reached 50% and (S)-alcohols and (R)-esters were obtained in 99% enantiomeric excess (Table 1 - entries 2-3) .
For acylation reactions in continuous-flow mode of aliphatic alcohols 4-6, all flow rates (0.1 up to 1.0 mL min -1 ) were tested and we observed a decrease in enantiomeric excess values (Table 1 -entries 4-6). Aiming to reach higher values of enantiomeric excess in continuous-flow mode, we submitted alcohols 4-6 to EKR using a smaller amount of biocatalyst (100 mg), since alcohols 4-6 are not ideal substrates and there was so much enzyme that both enantiomers were transformed (Table 1 -entries 5-8, values in parentheses). We also observed a decrease in selectivity in EKR reaction in batch mode when a larger amount of biocatalyst was used, which suggests an influence of enzyme quantity on enantioselectivity.
The slowest flow rate (0.1 mL min -1 ) gave the best results for EKR of alcohols 4 and 5 and high enantiomeric excesses (93 up to > 99%) were obtained. Taking into account that the same residence time was necessary for alcohols 4 and 5, the influence of chain length attached to the chiral center was not as pronounced through enzymatic activity and enantioselectivity (Table 1 -entries 4 and 5). For alcohol 6, which possess ethyl and n-propyl moieties attached to the chirality center, conversion of 43% was observed (72% e.e. for (S)-6 and 94% for (R)-6a) in the first cycle. To increase the enantiomeric excess, the solution was eluted through the column twice at the slowest flow rate, resulting in high conversion (57%) and enantiomeric excess for this compound (Table 1 -entry 6).
For deacylation reactions in continuous-flow mode, EKR of benzylic esters 1a and 2a did not reach ideal conversion (46 % - Table 2 , entries 1a and 2a), which was not observed in acylation reactions (c = 50% - Table 1 , entries 1 and 2). However, enantioselectivity in continuous-flow mode was as high as was found in batch mode reactions for both compounds 1a and 2a. Deacylation of benzylic alcohol 3a in continuous-flow mode presented the same behaviour in the acylation reaction -high values of enantiomeric excess (>99 %) and ideal conversion rate for both acylation and deacylation reactions were observed (Table 1 -entry 3;  Table 2 -entry 3a), although, a decrease on flow rate when compared to acylation reaction was needed (0.1 mL min -1 during 2 cycles for deacylation and 0.7 mL min -1 for acylation). For the deacylation reaction of aliphatic ester 4a, selectivity was as high as in acylation reactions (batch and continuous-flow modes), although, conversion rates were slower in both modes (46 and 27%, respectively, Table 2 -entry 4a). Deacylation of ester 5a presented lower selectivity and slower conversion rates than for the acylation reactions in both batch and continuousflow modes (Table 2 -entry 5a). A loss of selectivity was observed when the deacylation reaction was carried out in continuous-flow mode (E = 5), compared to batch mode (E = 18), which can also be justified due to the larger amount of biocatalyst in continuous-flow than in batch mode. Batch mode deacylation of ester 6a (Table  2 -entry 6a) presented low enantioselectivity (E = 6), which was different from acylation reactions (E > 200). When this reaction was carried out in continuous-flow mode, satisfactory conversion was not observed, even in the slowest flow rate during 2 cycles of elution (Table 2 entry 6a). Selectivity parameters were not calculated for deacylation of ester 6a in continuous-flow mode due to low conversion. It is important to highlight that deacylation reactions were slower than acylation reactions for all compounds, which makes acylation a more viable strategy to achieve optically active secondary alcohols and esters.
In summary, the potential of combining biocatalysis and continuous-flow is indisputable, however, the particularities of each mode must be noted. Transesterification reactions via acylation and deacylation are common in biocatalysis laboratories, but changing from batch to continuous-flow mode is not straightforward. As cited before, in our previous work involving EKR of cyanohydrins [33] , a deacylation strategy was superior to acylation. In this work, acylation reactions were more viable than deacylation reactions, both in batch and continuous-flow modes, since higher reaction rates and enantioselectivity were observed.
Besides the differences between the two acylation and deacylation strategies, differences between reactions in batch and continuous-flow modes were also observed. The greatest difference between continuous-flow and batch modes can be measured by productivity (r). Productivity is a parameter that also considers the quantity of biocatalyst, measuring how much product can be obtained in 1 min ), f is the flow rate (mL min -1 ), n P is the amount of product (µmol), t is time (min) and m e is the amount of enzyme (g) [35] .
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For benzylic alcohols and esters, productivity values were 2.7 to 18.1 and 2.8 to 7.4 fold higher in continuousflow mode than in batch mode, respectively. For aliphatic alcohols and esters, in the optimized reactions, productivity values were 1.1 to 2.3 and 3.9 to 4.3 fold higher than in batch mode, respectively. The productivity value for ester 6a in continuous-flow mode was not determined due to low conversion ( Figure 2) .
In continuous-flow mode, even using a larger amount of enzyme, higher productivity values were observed in comparison to batch mode (for ester 6a this parameter was not calculated in continuous-flow mode). This observed behaviour of productivities in batch and continuous-flow mode is in accordance with those already reported in the literature [34] .
Enzymatic Kinetic Resolution (EKR) Reaction in Preparative Scale
As cited before, the coupling of biocatalysis and continuous-flow system is very productive and reactions can be performed in an analytical or preparative scale. This way, a preparative scale EKR reaction of model alcohol 1 (Scheme 1) was carried out aiming to isolate the First of all, the flow rate value of 1.0 mL min -1 was established (according to general procedure in materials and methods section) as ideal to reach 50% of conversion using a concentration of 0.1 mmol mL -1 . 50 mL of this solution was eluted through the column and the enantiopure compounds were separate by column chromatography (mobile phase n-hexane:ethyl acetate 9:1) resulting in 46% yield, The symbol is missing. There should be in front of 9.7 (line 29) and -6.7 ( 9.7 (c = 1.0, n-hexane) and e.e. >99% for ester (R)-1a and 43% yield, -6.7 (c = 1.0, n-hexane) and e.e. >99% for alcohol (S)-1.
Enzymatic Kinetic Resolution (EKR) Reaction in a Multigram Scale
In order to evaluate the reproducibility of results obtained in the continuous-flow system and also the possible reuse of the biocatalyst, a multigram reaction was performed. For this purpose, a solution with 2.0 g of alcohol 1 in 164 mL of n-hexane (0.1 mol L -1 ) was prepared and eluted 
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through the column at 1 mL min -1 in aliquots of 4.0 mL. At the end, 41 aliquots were collected and analysed by chiral GC. As can be seen in Figure 3 no decrease of conversion was observed even after the elution of the entire stock solution.
This fact gives evidence to the high reproducibility of results, as the same conversion and enantiomeric excess values were observed, even after the elution of 2.0 g of substrate.
Conclusion
In conclusion, it was possible to perform a successful coupling between biocatalysis and flow-chemistry employing a simple, cheap and robust homemade continuous-flow system. A series of optically active secondary alcohols and esters could be obtained with high productivity in continuous-flow mode via transesterification by acylation (12.5-250.0 µmol min ). Enantioselectivity was higher in acylation than in deacylation reactions, which demonstrates that acylation reactions are the most viable approach to obtain optically active secondary alcohols employing flow chemistry. 
